Tendon cells respond to mechanical loads. The character (anabolic or catabolic) and sensitivity of this response is determined by the mechanostat set point of the cell, which is governed by the cytoskeleton and its interaction with the extracellular matrix. To determine if loss of cytoskeletal tension following stress deprivation decreases the mechanoresponsiveness of tendon cells, we cultured rat tail tendons under stress-deprived conditions for 48 hours and then cyclically loaded them for 24 hours at 1%, 3%, or 6% strain at 0.17 Hz. Stress deprivation upregulated MMP-13 mRNA expression and caused progressive loss of cellmatrix contact compared to fresh controls. The application of 1% strain to fresh tendons for 24 hours inhibited MMP-13 mRNA expression compared to stress-deprived tendons over the same period. However, when tendons were stressdeprived for 48 hours and then subjected to the same loading regime, the inhibition of MMP-13 mRNA expression was decreased. In stress-deprived tendons, it was necessary to increase the strain magnitude to 3% to achieve the same level of MMP-13 mRNA inhibition seen in fresh tendons exercised at 1% strain. The data suggest loss of cytoskeletal tension alters the mechanostat set point and decreases the mechanoresponsiveness of tendon cells.
Introduction
The ability of connective tissue cells to ''sense'' and respond to changes in their mechanical environment is central to the concept of mechanotransduction and the subsequent maintenance of tissue homeostasis [6-8, 10, 22, 23, 59] . However, the precise threshold of mechanical 'sensitivity' for a given cell type has not been determined. It has been suggested that the cellular regulation of biological function lies in the ability of cells to sense, generate, and balance mechanical forces [10, 13] . This mechanoresponsiveness was reportedly mediated through a tensegrity apparatus comprised of the cell's cytoskeleton as well as its attachment to its surrounding extracellular matrix [8, 12, 16, 18, 20, 22, 23, 25, 47, 49, 53, 55, 56, 59] . Previous studies demonstrate cells can generate an internal tension within their cytoskeleton allowing the cell to maintain a constant cytoskeletal tension in response to changing loads [10, 13, 16, 23] . This has been termed cytoskeletal homeostasis and is thought to be the mechanism by which cells maintain a preset level of sensitivity to external loading; it is also termed the mechanostat set point [10, 18] .
Frost first proposed the concept of the mechanostat set point to explain the mechanoresponsiveness of bone cells in controlling bone mass [18] . He theorized bone cells are programmed to sense a certain level of strain-induced signals [18] . If a signal was below the set point, the cell would activate catabolic mechanisms that decreased bone mass [18] . Conversely, if the strain signal exceeded the set point, anabolic mechanisms would be activated to increase bone mass [18] . A similar response occurs in tendon cells [33] .
A recent study from our lab has suggested tendon cells are also capable of establishing a cytoskeletal tensional homeostasis through interactions with their local extracellular environment [33] . This cytoskeletal tension appears to create a mechanostat set point that calibrates the response of the tendon cell to external forces and regulates gene expression [33] . In this study, loss of cytoskeletal tension in response to the absence of local extracellular matrix strain resulted in an immediate and profound catabolic response by the tendon cells [33] .
It has been suggested that the destructive mechanism(s) that precede(s) the overt pathological development of tendinopathy may, in fact, be the catabolic response of tendon cells to the local loss of homeostatic strain as a result of isolated, microscopic collagen fiber damage [2, 28] . Indeed, in vitro experimental studies have demonstrated that loss of homeostatic tendon strain can produce a pattern of catabolic gene expression [5, [33] [34] [35] [36] 41] , apoptosis [3, 17] , and degenerative histological changes [5, 21] similar to those seen in clinical cases of tendinopathy [1, 2, 5, 19, 24, 26, 28, 30, 31, 38, 39, 40, 45, 50, 54, 60, 61] . However, the effect of these catabolic changes on the subsequent mechanoresponsiveness of tendon cells is unknown.
Studies in bone have suggested the local, catabolic, cellular response to stress deprivation reflects the osteocyte's autoregulation of its local mechanical environment and, ultimately, its sensitivity to strain [15, 48] . This concept would suggest that following loss of homeostatic strain, the mechanostat set point of bone or tendon cells could be influenced (recalibrated) by the cell in response to alterations in its pericellular environment. This could occur directly, through a change in the modulus of the cell, or indirectly, through an alteration in the cell's interaction with its pericellular matrix or neighboring cells [7, 22, 25, 46, 47, 49, 53, 55, 56] . Such changes could determine how tendon cells might respond to rehabilitation following injury and may explain why some eccentric exercise regimes, which result in increased tendon strain, have proved superior to other exercise programs in the nonoperative treatment of tendinopathy [11, 27, 29, 32, 44, 57] .
We hypothesized following 48 hours of stress deprivation and loss of cytoskeletal tensional homeostasis, the mechanoresponsiveness of rat tail tendon cells would be decreased. We hypothesized the documented [33] inhibitory effect of in vitro cyclic, tensile loading on MMP-13 mRNA expression would be decreased in previously stressdeprived cells and a higher level of cyclic tensile strain would be required to achieve the same level of MMP-13 mRNA inhibition seen in fresh (nonstress-deprived) tendons following cyclic loading. We hypothesized this change in mechanoresponsiveness was due to an alteration in the mechanostat set point of the cells and not because of any major change in the material properties of these stressdeprived tendons. Finally, we hypothesized the catabolic response of rat tail tendon cells to the loss of cytoskeletal homeostatic tendon strain following stress deprivation would result in a progressive change in cell morphology and a loss of intimate contact between the tendon cells and their extracellular matrix.
Materials and Methods
To determine the effect of stress deprivation and loss of homeostatic cytoskeletal tension on the mechanoresponsiveness of tendon cells in vitro, rat tail tendons were exposed to 24 hours of 1, 3, or 6% cyclic (0.17 Hz) strain following 0 or 48 hours of stress deprivation under tissue culture conditions. The relative expression of rat interstitial collagenase (MMP-13) mRNA was used as the dependent variable. Additional control groups (24 and 72 hour stressdeprived tendons) were also evaluated. To evaluate the effect of stress deprivation on cell-matrix contact and tendon cell morphology, control (0 time) and stressdeprived (24, 48 , and 72 hour) rat tail tendons were examined using transmission electron microscopy. Nuclear aspect ratios were calculated from these images and used to evaluate changes in cell shape following stress deprivation. Finally, to determine if stress deprivation resulted in any substantial change in the material properties of the tendons, the maximum stress, tensile modulus, and strain at maximum stress of control (0 hour) and stress-deprived (48 hours and 72 hours) tendons were compared.
Following Institutional Animal Care and Use Committee approval, rat tail tendons were harvested from adult Sprague-Dawley rats immediately after euthanasia. Using a sterile scalpel blade, the tail was cut between coccygeal vertebrae at both the base and at the distal tip of the tail for a total length of approximately 120 mm. Tendons were gently teased from the distal portion of each tail with forceps and maintained in DMEM media supplemented with 10% FBS, 1% penicillin-streptomycin-amphotericin B, 0.02 mg/ml gentocin, and 7.5 mg/ml ascorbate (GIBCO, Grand Island, NY) incubated at 37°C and 10% CO 2 , with the media being changed every other day.
The rat tail tendons were divided into eight groups as follows: Group 1: fresh (0 hour control); Group 2: stressdeprived for 24 hours; Group 3: 1% cyclic strain at 0.17 Hz for 24 hours; Group 4: stress-deprived for 48 hours; Group 5: stress-deprived for 72 hours; Group 6: stress-deprived for 48 hours followed by 1% cyclic strain at 0.17 Hz for 24 hours; Group 7: stress-deprived for 48 hours followed by 3% cyclic strain at 0.17 Hz for 24 hours; Group 8: stress-deprived for 48 hours followed by 6% cyclic strain at 0.17 Hz for 24 hours. Stressdeprived tendons were maintained in a culture dish in media under the tissue culture conditions noted above. Cyclic strain was applied to tendons in complete media under tissue culture conditions using a custom made, computer controlled, motor driven device [36] .
To determine the relative level of MMP-13 mRNA expression in each of the above groups, approximately 10 tendons from each group were placed in 1.0 mL of RNAlater TM (Qiagen, Valencia, CA) for a period of at least 24 hours at 4°C before processing. Total RNA was then extracted using the Qiagen RNEasy Kit (Qiagen, Valencia, CA) with the protocol provided for fibrous tissues. RNA (200-400 ng) was converted into cDNA using the Invitrogen SuperScript III Reverse Transcription system (Invitrogen, Carlsbad, CA). Real Time Quantitative PCR was performed using the TaqMan Gene Expression Assay (Applied Biosystems, Foster City, CA). Samples were run in a 96-well plate (20 ll final volume per reaction) on an ABI 7500-Fast Q-PCR apparatus. The endogenous control used for all Q-PCR experiment was 18 s rRNA. Results were analyzed using Sequence Detection System software (Applied Biosystems, Foster City, CA). TaqMan probe and primer sets were obtained for MMP-13 (Rn01448197_m1) and 18 s rRNA (Hs99999901_s1) from Applied Biosystems' Gene Expression Assay database (http://allgenes. com). The Q-PCR results were calculated as relative quantification to the fresh control (0 hours) sample. The effect of the various treatments on MMP-13 mRNA expression were evaluated among all groups using an ANOVA and Tukey's post-hoc tests. Significance was set at p \ 0.05. The entire experiment was repeated three times.
To evaluate changes in cell morphology following stress deprivation, five rat tail tendons from fresh and each of the stress-deprived groups were cut into 0.5 cm longitudinal segments and fixed in 4% paraformaldehyde. Six segments representing the entire length of the tendon were chosen and placed in 1% phosphate-buffered osmium tetroxide, dehydrated in graded alcohols, and embedded in Poly/Bed 812-Araldite resin (Polysciences, Inc., Warrington, PA). From semi-thin sections, a representative sector (1.5-2 mm) was selected and ultra-thin sections were cut and examined with a JEM-100CX II electron microscope (Japanese Electron Optics Laboratory Co., Ltd., Tokyo, Japan). The entire length of the tendon segments was examined and representative photomicrographs taken.
Nuclear measurements were performed in order to document nuclear shape changes over the time of stress deprivation. The semi-thin sections (n = 6) from fresh and each of the stress-deprived groups were examined and light microscopy pictures were taken with a ZEISS Axioscope (ZEISS, Oberkochen, Germany) with a 63x oil objective.
The major and minor axis lengths of tendon cell nuclei (average n = 59 per group) were measured using SCION image software (SCION corp., Frederick, MD). The ratio of the major and minor axis length was determined and used to quantify cell rounding. Differences in cell shape change were evaluated using ANOVA with Tukey's posthoc test with significance set at p \ 0.05.
To determine if any changes in the material properties of the tendons occurred as a result of stress deprivation, additional rat tail tendons were paired as fresh and stressdeprived for either 48 hours or 72 hours (n = 12 per paired group). Maximum stress, tensile modulus, and strain at maximum stress were determined as described previously [35] . Briefly, tendons from each group were frozen at -80°C in media until testing. At the time of testing, tendons were thawed to room temperature and a 10 mm portion of each tendon dissected and placed in a salinefilled, 12-well plate to measure initial tendon diameter with a calibrated microscope. The tendon diameter was determined by taking the mean of six measurements perpendicular to the long axis of the tendon and a circular cross section was assumed for the computation of initial area [35] . The remaining portion of the tendon was gripped at the ends with saw-tooth clamps for a 40 mm gauge length. The portion of the tendon under each clamp was first air-dried and placed between two pieces of emery board while the midsection (test area) was kept moistened with saline. The gripped tendon was then mounted onto a custom-made material testing system. The system was equipped with a 5 lb load cell (Sensotec, Columbus, OH), a linear variable differential transformer (LVDT) (Lucas Schaevitz, Pennsauken, NJ) to measure grip-to-grip tendon displacement, and a motion controller (Newport, Fountain Valley, CA) to strain the tendons at a constant rate of 0.17 mm/s (*0.42% strain/s). Each tendon was preloaded to 5 g then loaded at the above rate to failure in a PBS bath at room temperature. The load and displacement values were recorded using an analog-to-digital computer data acquisition system. Ultimate stress, tensile modulus, and strain at ultimate stress were computed from the loaddeformation data. Material properties of the groups were compared using paired t-tests with significance set at p \ 0.05.
Results
Stress deprivation and loss of homeostatic cytoskeletal tension resulted in an increase (p = 0.000) in MMP-13 mRNA expression when compared to fresh controls (Fig. 1) .
The application of 1% cyclic strain at 0.17 Hz inhibited (p = 0.000) MMP-13 mRNA expression, as compared to tendons that were stress-deprived for the same period of time (24 hours). However, when tendons were stressdeprived for 48 hours and then exposed to a loading regime of 1% cyclic strain at 0.17 Hz for 24 hours, MMP-13 mRNA expression was higher (p = 0.000) than in those tendons immediately exercised (no prior stress deprivation) at the same loading regime. Increasing the strain magnitude to 3% or 6% at 0.17 Hz for 24 hours following 48 hours of stress deprivation inhibited MMP-13 mRNA expression to the same extent (p = 0.074 for 3% strain and p = 0.075 for 6% strain) as seen in tendons that were cyclically loaded at 1% strain at 0.17 Hz for 24 hours without any prior stress deprivation. We observed no difference (p = 0.305) in MMP-13 mRNA expression between tendons stressdeprived for 48 hours and then exercised at either 3% or 6% at 0.17 Hz for 24 hours. All loading regimes inhibited (p = 0.000) MMP-13 mRNA expression when compared to stress-deprived tendons over the same time periods ( Fig. 1) .
Following stress deprivation the rat tail tendons demonstrated striking changes in the immediate pericellular environment ( Fig. 2A-D) . Over the investigated time periods, there was a distinct loss of intimacy between the tendon cells and their adjacent pericellular matrix. The increasing space between the cells and their pericellular matrix was filled with loose, fine, fibrillar material typical of Type VI collagen ( Fig. 2A-D) . Additionally, the normally uniform cell borders developed irregular protrusions. Collagen Type I fibril packing in the tendons appeared less dense with time and distinct separations were visible between collagen fibrils.
As the time of stress-deprivation increased, the shape of the tendon cells changed from their normal spindle shape to Fig. 1 The bar graph shows the change in the inhibitory effect of cyclic tensile loading on MMP-13 mRNA expression following 48 hours of stress deprivation. All experimental samples were quantified relative to the 0 hour fresh control. Group 1: fresh (0 hour control); Group 2: stress-deprived for 24 hours; Group 3: 1% cyclic strain at 0.17 Hz for 24 hours; Group 4: stress-deprived for 48 hours; Group 5: stress-deprived for 72 hours; Group 6: stress-deprived for 48 hours followed by 1% cyclic strain at 0.17 Hz for 24 hours; Group 7: stress-deprived for 48 hours followed by 3% cyclic strain at 0.17 Hz for 24 hours; Group 8: stress-deprived for 48 hours followed by 6% cyclic strain at 0.17 Hz for 24 hours. Numbers above each bar signify significant (p \ 0.05) differences between specific groups. 72-hour stress-deprived rat tail tendons demonstrating a progressive loss of contact between the cells and the extracellular matrix (ECM). Fine, fibrillar ECM components become prominent in the pericellular space (asterisk) and the normally uniform cell borders developed irregular protrusions (arrow). Collagen Type I fibril packing adjacent to the cells also appears less dense. (Stain, osmium tetroxide, uranyl acetate, and lead citrate; original magnification, 910,000). a more ovoid appearance: the nuclear aspect ratio decreased (p = 0.000) in the stress-deprived tendons when compared to fresh controls (Fig. 3 ). There was a decrease (p = 0.000) in the ratios of the major and minor axes of cell nuclei with increasing time of stress deprivation. The change in cell shape in the stress-deprived tendons coincided with an obvious decrease in cell-to-cell contact. Fresh tenocytes demonstrated intimate cell-cell contact along the entire width of the cell (Fig. 4A ). However, following 48 hours of stress deprivation this cell-to-cell contact appears to be decreased (Fig. 4B ).
There were no alterations in the maximum stress, strain at maximum stress, or modulus of either the 48-hour or 72hour stress-deprived tendons when compared to fresh (0 hours) controls (Table 1 ).
Discussion
The ability of tendon cells to alter the sensitivity of their responsiveness to perceived mechanical loads may play a major role in how these cells respond to rehabilitation following injury. Using a previously described in vitro test system [36] , the current study examined the effect of shortterm (48 hours) stress deprivation and loss of cytoskeletal tensional homeostasis on the morphology and the mechanoresponsiveness of rat tail tendon cells to cyclic load. We hypothesized the documented [36] inhibitory effect of in vitro cyclic, tensile loading on MMP-13 mRNA expression would be decreased in previously stressdeprived cells and a higher level of cyclic tensile strain would be required to achieve the same level of MMP-13 Fig. 3 The bar graph shows the decrease in cell nuclear aspect ratios seen in stress-deprived tendons as a function of time. The decrease in the ratio of major axis length to minor axis length reflects the ''rounding'' up of the cells in response to the loss of homeostatic strain. The symbol (*) signifies significant (p \ 0.05) differences between specific groups. mRNA inhibition seen in fresh (nonstress-deprived) tendons following cyclic loading. We also hypothesized this change in mechanoresponsiveness was due to an alteration in the mechanostat set point of the cells and was not a result of any substantial change in the material properties of these stress-deprived tendons. The stress-deprived in vitro system used in the current study is intended to model the destructive mechanism(s) that are thought to precede the overt pathological development of tendinopathy, namely, the catabolic response of tendon cells to the local loss of homeostatic strain as a result of isolated, microscopic collagen fiber damage [4, 28] . While the concept that understimulation, rather than overstimulation, of tendon cells may be at the heart of the etiopathogenesis of tendinopathy is a new concept [5] , we believe our previous investigations [3, 4, 33, 34, 36] have validated this model as a useful tool to investigate the potential role of mechanobiology in the etiopathogenesis of tendinopathy. The increase in MMP-13 mRNA expression and protein synthesis seen in this model [2, 5, [33] [34] [35] [36] , as well as the histological features of cell shape change [21] and apoptosis [2, 12] , which accompany loss of homeostatic strain, are very similar to those changes reported in clinical cases of tendinopathy [1, 2, 5, 19, 24, 26, 28, 30, 31, 38-40, 45, 50, 54, 60, 61] . Thus, while this in vitro tendon model is not intended to replicate the entire gamut of complex abnormalities that may occur in clinical cases of tendinopathy, we believe it can provide a relevant and well-controlled system in which to examine the response of normal and pathologic tendons to mechanobiological stimuli.
Our data confirm previous investigations reporting the stimulatory effect caused by the loss of homeostatic strain on MMP-13 mRNA expression in tendon cells and the inhibitory effect provided by cyclic strain [36, 41] . However, the increase in the amount of cyclic strain needed to elicit the same inhibitory effect after 48 hours of stress deprivation is a new and clinically relevant finding. These results suggest the observed change in the mechanobiological responsiveness of tendon cells following loss of homeostatic tendon strain represents an alteration in the mechanostat set point of the cells. This apparent change in the mechanostat set point was confirmed by the findings that following 48 hours of stress deprivation, increased extracellular matrix strain (3% or 6% cyclic strain) was required to achieve the same level of mechanotransduction signaling that was seen following the application of 1% cyclic strain to fresh tendons. The maintenance of material properties (maximum stress, strain at maximum strain, tensile modulus) in tendons following 24 or 48 hours of stress deprivation suggests the altered response of the tendon cells to strain was not due to any alterations in the physical properties of the tendon. We believe this finding important since it suggests local, pericellular changes rather than global extracellular matrix changes are responsible for the set point alteration observed in this study.
We found the loss of homeostatic strain also produced alterations in cell shape after only 24 hours. The cell nuclei became more ovoid and there was less intimate contact between adjacent cells. Similar alterations in tenocyte morphology have been reported in clinical cases of tendinopathy [26, 31, 37, 50] . In our study, these changes coincided with a progressive loss of intimate contact between the cells and their pericellular matrix. Experimental studies have demonstrated that whole tendon strain results in cellular (nuclear and cytoskeletal) deformation and, subsequently, mechanotransduction signaling through a calcium-based, second messenger pathway [3, 4, 52] . Mechanotransduction signals are mediated through the pericellular matrix to the cell nucleus via integrin-based cell-matrix connections [7, 12, 22, 23, 25, 46, 47, 49, 53, 55, 56, 59] . These connections are thought to interact with other pericellular matrix components, such as Type VI collagen, to aid in the integration of the tendon cell with its extracellular matrix environment [7, 12, 22, 23, 25, 46, 47, 49, 53, 55, 56, 59] . Type VI collagen is known to form an interconnecting meshwork between tendon cells and their extracellular matrix [9, 46] . In the current study, loosely bound, fine, fibrillar material, presumably Type VI collagen, was observed in the spaces that developed between the stress-deprived cells and their immediate pericellular matrix. This would suggest a disruption of the normal interconnecting meshwork between the cell and its pericellular matrix. While immunolocalization for Type VI collagen was not performed in the current study, previous investigations using electron microscopy have identified this loosely bound, fine, fibrillar material as Type VI collagen [43, 51] . Additional studies are required to confirm that the material observed in our stress-deprived system is Type VI collagen.
Alterations in tendon cell-matrix interactions influence cytoskeletal homeostasis and gene expression and have been implicated in the etiopathogenesis of tendinopathy [3, 5, 28, 33, 34] . Therefore, it is possible that, following loss of homeostatic tendon strain, the local degradative actions of catabolic enzymes on components of the pericellular matrix of tendon cells alters the cell-matrix interactions making them less sensitive to extracellular matrix strain. This would also suggest that, as was demonstrated in the current study, increased extracellular matrix strain is required to activate the mechanobiological signaling mechanism(s) in these altered cells.
Previous studies have demonstrated cell-to-cell communication (via gap junctions) in tendons [14, 42, 58] . Gap junctional intercellular communication (GJIC) has been postulated as a critical component of extracellular signal transduction, integration, and amplification in bone [15] . A recent study has suggested tendon cells may control and coordinate their response to mechanical signals, at least in part, through the actions of gap junctions [58] . It has been theorized that, in bone, a decrease in GJIC will result in an increase in the mechanostat set point and thus result in an increase in the mechanotransduction activation threshold of these cells [15] . In the current study, the loss of intimate cell-to-cell contact associated with stress deprivation could decrease the gap junction connections between tendon cells which could, in turn, contribute to the apparent increase in the activation threshold of the mechanostat set point required for the inhibition of MMP-13 mRNA expression. Additional research is needed to elucidate the precise stimuli and mechanism(s) by which the mechanostat set point of tendon cells is altered.
The precise consequence(s) of an altered set point in tendon cells following loss of homeostatic tendon strain is unclear. However, this phenomenon may have some clinical relevance in helping to provide a basic science explanation for the reported beneficial effects of some rehabilitation regimes that have been recently advocated in the nonoperative treatment of tendinopathy patients [11, 27, 29, 32, 44, 57] . Recent studies have documented the clinical efficacy of eccentric exercise programs in the nonoperative treatment of tendinopathy [11, 27, 29, 32, 44, 57] . Several of these studies [29, 44, 57] have demonstrated substantial clinical improvement in patients with patellar tendinopathy following 12 weeks of eccentric training performed on a 25°decline board when compared to standard eccentric exercise performed on a flat surface. However, the physiological or biomechanical mechanisms responsible for this improvement have not been identified. A recent study has demonstrated the use of a 25°decline during eccentric loading actually increases the load and strain on the patellar tendon when compared to eccentric loading on a flat surface [32] . While it has been suggested that the controlled progressive stresses utilized in these eccentric exercise regimes can act to increase the tensile strength of pathologic tendons [32] , the precise cellular mechanism(s) responsible for the beneficial clinical results reported following the application of increased strain on pathologic tendons has not been completely elucidated. Our data suggest that one potential benefit of increased tendon strain in the treatment of tendinopathy may be related to an increase in the activation threshold of the mechanostat set point of cells in pathologic tendons. Higher tendon strains may be needed in tendinopathy patients to inhibit further catabolic gene expression and encourage homeostasis of the extracellular matrix.
Our data suggest stress deprivation alters the mechanical sensitivity of tendon cells. This change in mechanostat set point could be a result of the increase in MMP-13 mRNA expression and the subsequent loss of intimate cell-matrix contact. It will be critical to determine if alterations in the mechanostat set point of tendon cells, secondary to loss of homeostatic tendon strain, are progressive, self-limiting, or reversible. Additional investigations are also needed to determine if alterations in the mechanostat set point of tendon cells following loss of homeostatic strain have similar effects on both catabolic and anabolic gene expression. Finally, the effect of loading frequency on the gene response of stress-deprived cells must be examined. While the in vitro system used in this study precludes examining the ability of tendon cells to repair the localized, catabolic sequelae of stress deprivation, and possibly reverse the altered set point back to its original calibration, it does provide a novel model with which to investigate how the mechanobiological responsiveness of tendon cells may play a role in tendon homeostasis. Understanding the potential mechanisms involved in the ability, or inability, of tendon cells to reestablish their original mechanostat set point following alterations in cell-matrix connections could be a critical factor in determining the potential reversibility and treatment of various tendon abnormalities.
